Abstract. In the present contribution we are investigating the relationship between liquid morphology and relaxation time distribution in partially saturated pores. The filling fluids are acetone (polar) and tetradecane (nonpolar). The porous sample is a silica glass (Vitrapor#5) with the nominal mean pore size is d = 1 µm (± 0.6 µm). All nuclear magnetic resonance relaxation experiments are performed at 20C using a NMR instrument operable at 20 MHz proton resonance frequency. The experimental results are compared with a two phase exchange model providing us information on the strength of surface relaxation.
Introduction
The behaviour of fluids in systems with restricted geometry is known to be very different from that in bulk. The physical properties of molecules adsorbed on the surface or confined in small pores may substantially differ from their properties in bulk. These deviations may be very important for technical applications (separation, catalysis, storage) of such host-guest systems. Consequently a complete understanding of the dynamical effects carried out by the interaction of molecules with the surface in porous media is very important.
Owing to its completely non-invasive character, nuclear magnetic resonance (NMR) is widely used to investigate the dynamics of molecules confined in porous media. NMR is the most versatile tool to investigate molecules dynamics. An NMR experiment is able to provide much more information than the simple resonance frequency of nuclear spins (i.e. their chemical shift) or the associated line width. NMR measurements of diffusion coefficients and relaxation times render quantitative data on the dynamics of confined molecules and the restrictions the confinement imposes on their translational and rotational mobility [1] . NMR relaxation experiments are suitable in studying liquids in porous media mainly due to an observed enhanced relaxation rate under confinement conditions. This behaviour is generated by interactions of the probed molecule with the surface depending on porous sample composition, morphology, the nature of the filling fluid and its distribution [2] .
Most of the studies reported in the literature about relaxation distribution in porous media refer to saturated porous samples. Here we will investigate the partial saturated pores. Thus the relationship between relaxation time distribution liquid morphology under partially saturated conditions and the polar character of the confined liquid will be investigated.
The theory of NMR relaxation in partially saturated pores
In the case of porous media saturated with liquids it is often considered that the observed relaxation rate is a weighted average between the relaxation rate of the bulk-like liquid and the surface relaxation rate of molecules that are confined in a tiny layer [2] . It is assumed that the confined molecules experience short range interactions with the surface and a fast exchange process between the molecules in the surface region and the remaining liquid in saturated pores (bulk-like region) is present. Consequently the induced nuclear magnetization relaxes mono-exponentially in time, with a transverse relaxation rate given as the weighted average between the surface relaxation rate and the bulk-like rate [2] .
If we adapt this model to the partially saturated porous media then the observed transverse relaxation rate can analogously be considered the result of an exchange process between the molecules in the surface region and the remaining liquid, partially filling the sample (bulk-like region). Consequently the measured relaxation rate can be expressed as:
Here 2b T and 2s T refer to the bulk-like and surface relaxation times, respectively. S represents the surface area visited by molecules during the NMR relaxation experiment. It depends on the effective diffusion coefficient of the liquid inside the porous structure. In the case of partially saturated samples this diffusion coefficient can be enhanced significantly due to the vapour phase contribution [3, 4] . b V is the bulk like liquid volume bounded by the S surface. λ represents the distance from the surface where the enhanced relaxation takes place (surface region). This distance is generally assumed to be of the order of one intermolecular distance [5] . s ρ and b ρ are the mass densities inside the surface region and bulk like region respectively. Note that equation (1) is valid only at filling factors corresponding to multilayer surface coverage. For lower filling factors, when one monolayer is approached, all molecules are interacting with the surface. Consequently the measured relaxation time coincides with the surface value. The above equation can be expressed as a function of the filling factor f defined by the ratio between the mass of confined molecules in the case of partially filled and saturated sample 
Here ( ) 
An analysis of the experimental data using a regularised numerical Laplace inversion algorithm (CONTIN) [5] will allow us extraction of relaxation times distribution 2 ( ) P T . This distribution may provide us in turn the liquid distribution inside pores assuming certain pores shape.
Experimental
As porous sample a silica glass (Vitrapor#5) was used. It was purchased from ROBU GlasfilterGeräte, Germany. The nominal mean pore size is d = 1 µm (± 0.6 µm) as indicated by the manufacturer. Before use the samples were cleaned by 30 minutes of boiling in 30 % H 2 O 2 followed by several rinses with distilled water. After that they were left in vacuum for 24 hours at 95 °C. At the end, the samples are considered to be dry with a nominal filling factor f = 0. The NMR measurements done on the dry sample have indicated no signal.
The solvents were filled into the porous glass with the aid of the bulk-tobulk method resulting in a filling factor 1 for the corresponding solvent. The solvents examined in this study were tetradecane (non-polar; non-wetting) and acetone (polar; wetting). These solvents were purchased from Merck, Germany. Partial evaporation was then used for the adjustment of the desired filling factor. The solvent content reached by this procedure was determined by weighing. After that the samples were placed in a sealed container with practically no empty space that would allow for further evaporation. All experiments were done only after about one hour permitting the fluid to equilibrate with respect to phase distributions. After this annealing period no changes in the NMR signal were perceptible any longer.
All relaxation experiments were performed on a Bruker MINISPEC MQ20 spectrometer operating at a proton resonance frequency of 20 MHz. The data were recorded at 20 °C using the standard Carr-Purcell-Meiboom-Gill (CPMG) technique [1] . The length of one hard 90° pulse was 2.5 µs. The echo time of 200 µs has prevented for the appearance of diffusion effects on echo decay [6] .
Results and conclusions
The echo decay curves (not shown here) have indicated a non exponential dependence on evolution time both in the case of acetone and tetradecane filled samples. This dependence has generated the relaxation times distributions as those depicted in Figure 1 for a chosen filling factor. One can observe here three peaks which can be interpreted in the frame of the liquid distribution proposed by the puddle model [7] . Thus, the first peak (from the left) corresponds to the molecules forming one monolayer or two on the surface of porous media (surface region). The second peak may be associated with the molecules in the in the silica interstices (puddles) and the third peak with the molecules in the bulk-like region. Note that for high filling factors only the third peak is visible due to its dominant contribution. The relaxation times extracted from the position of the third peak versus filling factor are represented in Figure  2 . Assuming that the pores region visited by molecules during the time of the experiment has a cylindrical shape with a radius of 0.5 µm one can compare the extracted relaxation times with the theoretical curves generated on the basis of equation ( In our knowledge there is no unitary view about distribution of molecules on the pores surface at low saturation degrees. Some experimental results and the simulation have led to two representations of liquid distributions: the puddle model [7] or the plugs model [8] . Our results could be well explained in the frame of a puddle model. However more investigations are necessary in order to fully elucidate the liquid morphology under saturated conditions. 
